Abstract-This
INTRODUCTION
A new direction of optical physical diagnostics [1] [2] [3] [4] [5] [6] [7] [8] -laser polarimetry of microscopic images of polycrystalline networks of biological tissues histological sections [9] [10] [11] [12] has been developed in recent years. This approach is focused on in vitro measurements of coordinate distributions of Stokes vector parameters of biological tissues laser images with further complex (statistical, correlation, fractal, singular, wavelet, etc.) analysis on the basis of the obtained data arrays [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
Another diagnostic biomedical laser technique-polarizationally sensitive optical coherent tomogra phy-also became widely spread [25] [26] [27] [28] [29] . It is based on measuring the parameters of Stokes vector in the remote (Fourier) diffraction zone of the field of scattered laser radiation.
That is why the task of combining the information potentiality of the above mentioned techniques of optical diagnostics basing on the development of new methods of analysis and processing of polarizationally inhomo geneous images of biological tissues in the Fourier plane [30] [31] [32] [33] [34] of scattered radiation field proves to be topical.
This research is focused on the development of experimental technique of polarization investigation of coordinate distributions of Stokes vector parameters of the laser field in the Fourier plane for diagnostics and differentiation of the severity of pathological changes in rectum tissue biopsy.
BASIC ANALYTICAL RELATIONS
It was determined for the fields of scattered laser radiation that polarization state in every point with ( ) coordinates is formed by the mechanisms of statistical interference and is determined using the fol lowing relations [15, 19, 31] (1) (2) where -the phase angle, -phase shift between the orthogonal components of laser radiation amplitude determined from relations [26] (3)
Here , -phases of orthogonal components ( ) of the amplitude of the laser image prob ing polycrystalline network; ϕ Expressions (3) and (4) are "input" parameters for diffraction integrals [31] determining further dif fraction interferential process of evolution of amplitude phase distributions of object field.
For the case of finding the biological tissue layer in the focal plane of the objective the following can be written
Here -focus distance of the objective; λ-wave length of laser radiation; n, m and n*, m*-coor dinates of the points in the image plane and Fourier plane respectively.
Diffraction integrals (5) and (6) enable to determine the asymmetry degree of Fourier spectrum in two mutually transverse directions (7) where (9) (10) (11) (12) Thus, taking into account relations (1)-(6) the following expressions for the Stokes vector parameters can be written [32] ( 13) and asymmetry degree of distributions can help to determine the degree of asymmetry (relations (7)- (12) 
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Statistical Approach
Statistical moments of the first ( ), second ( ), third ( ) and fourth ( ) orders were calculated by the following algorithms [10, 19] (14) where P = 800 × 600-total amount of pixels of CCD camera recording the polarizationally inhomoge neous object field in Fourier plane.
Correlation Approach
One of the most well known and effective approaches to the analysis of the coordinate structure of distributions consists in their autocorrelation comparison [11, 13, 17, 18] in two mutually transverse directions of CCD camera plane using the next algorithms (15) (16) Here are "steps", with which spatial frequency coordinates change.
For two mutually transverse directions in Fourier plane these parameters are determined as and respectively.
In order to estimate the coordinate homogeneities or, vice versa, heterogeneities (asymmetry) of Fou rier images of distributions the following algorithm of autocorrelation dependencies (15) and (16) processing were used (17) where are statistical moments of the 1 st -4 th orders (relations (14)) of values distributions of autocor relation dependencies and . Further, the set of values (relation (17)) will be called "cross correlation" moments of the 1 st -4 th orders.
Spectral Approach
Statistical analysis of power spectra of the Stokes vector parameters distri bution consists in the following procedure [11, 15, 30] :
-power spectra for two mutually transverse directions were calculated
-log-log dependencies of power spectra were calculated; -for dependencies the ensemble of statistical moments of the 1 st -4 th orders was deter mined 3  4  1  2  3  4  3  4  2  2  1  1  1  1   1  1  11  11  ; ; ; , 1  1  2  2  2   3  3  3  4  4  4 ; ;
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Hereinafter the set (relation (14)) will be called "cross spectral" moments of the 1 st -4 th orders.
OPTICAL REALIZATION OF FOURIER TRANSFORM OF POLARIZATIONALLY INHOMOGENEOUS LASER FIELDS
Histological sections of biological tissues samples were located in the focal plane of microobjective (focal distance f = 450 µm, magnification 4X) were projected onto the plane of light sensitive plate (800 × 600 pixels) of CCD camera (P = m × n = 600pix × 800pix), which was placed at focal distance to assure the measurement range of structural elements of Fourier spectrum of biological tissues image for further geometrical sizes 2 µm-2000 µm.
The analysis of polarization structure of Fourier spectra of the images of biological tissues histological sections was performed by means of polarizer and quarter wave plate.
The technique of measuring Stokes vector parameters is described in detail in [10] [11] [12] [13] [14] and corre sponds to the following algorithm 
DIAGNOSTIC POTENTIALITY OF FOURIER STOKES POLARIMETRY OF LASER FIELDS OF BIOLOGICAL TISSUES HISTOLOGICAL SECTIONS IN VITRO
Histological sections of rectum wall biopsy with benign (group of samples 1-9) and malignant (group of samples 2-10) were used as objects of investigation.
This research is confined to the analysis of distributions structure of the 4 th Stokes vector parameter most vividly characterizing the changes in optical anisotropy of polycrystalline biological networks.
The coordinate (left parts) and probability (right parts) distributions of the values of the 4 th Stokes vec tor parameter of optically realized Fourier spectrum of laser radiation scattered by histological sections of rectum wall biopsy of group 2 ( Fig. 1) and group 2 (Fig. 2) are presented in Fig. 1 and Fig. 2 .
The obtained data show that the value of the 4 th Stokes vector parameter in different points of Fourier spectrum of the field of scattered laser radiation irrespective of the type of pathological changes of rectum tissue undergoes maximal theoretically possible range of changes This fact indicates the wide experimentally realized change range ( ) of phase shifts between orthogonal ampli tude components of the laser beam transformed by optically anisotropic network of rectum wall tissue.
The main peculiarity of probability distributions consists in the asymmetric structure of cor responding histograms. This feature is connected with a large number of maximal phase shifts ( ) due to interferential mechanism (the change of phase shifts between the orthogonal amplitude components) of forming phase inhomogeneous structure of laser radiation field in Fourier plane.
This phase structure of laser radiation and, respectively, the values of the 4 th Stokes vector parameter are illustrated by the scaled (100pix × 100pix) sampling of S 4 (100pix × 100pix) distribution -in Fig. 3 (group 1) and Fig. 4 (group 2) . It is evident that, irrespective of the type of pathological changes of rectum tissue, the domain ( ) structure is typical for the coordinate distribution of the 4 th parameter of Stokes vector in Fourier plane of scattered laser radiation field (Fig. 3, Fig. 4 ).
Besides domain structure, the comparative analysis of coordinate structure and histograms of the 4 th Stokes vector parameters distributions demonstrated asymmetrical structure of Fourier spectrum. This result proves the adequacy of modeling the processes of diffraction formation of asymmetrical polarization structure of Fourier spectrum for mutually orthogonal directions of registration plane (relations (7)- (12)).
The results of the 1 st -4 th order moments calculation (relation (14)) characterizing the coordinate dis tributions (relation (21)) in Fourier plane of the field of laser radiation transformed by histological sections of rectum wall with benign (group 1) and malignant (group 2) tumors are presented in Table 1 . 0.11 ± 0.008 0.39 ± 0.014 R 3 1.14 ± 0.009 0.59 ± 0.016 R 4 2.47 ±0.017 0.79 ± 0.027
It was determined that the difference between the statistical parameters for both groups of his tological sections amounts to: mean -4 times; dispersion -3.8 times; asymmetry -1.9 times; excess -3.1 times. On the basis of this the following parameters of sensitivity and specificity in differ entiation of benign and malignant changes of rectum wall: th Stokes vector parameter of Fourier image of polarizationally inhomogeneous image of optically anisotropic component of histological sections of stomach wall tissue is determined. By means of these parameters differentiation of benign and malignant tumor with high sen sitivity and specificity levels is realized for the first time.
